Purpose: To assess the surgical and functional outcome of internal direct cyclopexy as therapy of complicated traumatic cyclodialysis. Methods: The single-centre interventional case-series study included eyes with traumatic cyclodialysis who had consecutively been treated. Internal cyclopexy was performed using double-armed sutures introduced into the eye through the pars plana opposite to the cyclodialysis cleft and which were laid parallel to limbus. Additional procedures included cataract surgery, and pars plana vitrectomy. The cyclodialysis was documented upon ultrasound biomicroscopy and gonioscopy. Results: The study included 44 patients (44 eyes). The cyclodialysis extended over 4.8 AE 3.2 clock hours of scleral spur circumference (range 1-12 hr, median 4 hr), involving >180°of the scleral spur circumference in 16 eyes (37%) and 360°in 3 eyes (7%). Besides cyclodialysis, additional trauma-related complications included hyphema, iridodialysis, lens dislocation, cataract, vitreous haemorrhage, retinal detachment, suprachoroidal haemorrhage and endophthalmitis. The surgery performed on average at 64 days after the trauma included a mean number of 4.6 AE 1.9 sutures (range: 2-9), with 1.2 sutures per 30°width of cyclodialysis. Mean follow-up was 32 AE 8 weeks (range: 6-51 weeks). Closure of the cyclodialysis was achieved in all 44 eyes, and intraocular pressure (IOP) increased from 8.0 AE 3.4 mmHg (range: 3 21 mmHg) to 14.4 AE 4.0 mmHg (range: 11-21 mmHg). Mean visual acuity (VA) improved from 2.3 AE 1.1 logMAR (range: 0.22-4.0) to 1.2 AE 0.8 logMAR (range 0.3-4.0 logMAR). Conclusion: In conclusion, internal direct cyclopexy is a novel and relatively little invasive surgery technique for the repair of traumatic cyclodialysis.
Introduction
A traumatic cyclodialysis results from disinsertion of the ciliary muscle fibres from the scleral spur, opening a direct communication between the anterior chamber and the supraciliochoroidal space. Depending on the size of the cyclodialysis cleft, it can lead to an unrestricted flow of aqueous humour from the anterior chamber into the supraciliary space associated with a reduction in IOP. Sequelae of cyclodialysis therefore include chronic ocular hypotony, anterior chamber shallowing by a forward dislocation of the lens due to the disinsertion of the ciliary body as origin of the lens zonular fibres, a secondary myopic shift, cataract, retinal and choroidal folds and choroidal detachment, hypotonic maculopathy and eventually permanent vision loss (Ioannidis & Barton 2010; Agrawal & Shah 2013; Ioannidis et al. 2014) . A cyclodialysis usually develops as result of a blunt ocular trauma or complicated intraocular surgery (Ioannidis & Barton 2010) . The diagnosis of a cyclodialysis relies on the gonioscopical detection of the cyclodialysis cleft or imaging of the cyclodialysis cleft by ultrasound biomicroscopy or anterior segment optical coherence tomography (AS-OCT) (Hwang et al. 2008; Mateo-Montoya & Dreifuss 2009; Ioannidis et al. 2014) . Various treatment modalities have been described for the therapy of a cyclodialysis, including medical management with atropine eye drops and steroid eye drops, transcorneal photocoagulation of the cyclodialysis cleft, transscleral cyclophotocoagulation, ciliochoroidal argon laser endophotocoagulation, cryotherapy, diathermy, translimbal and transscleral suture fixation, direct cyclopexy, anterior scleral buckling, and pars plana vitrectomy combined with cryotherapy and intraocular gas tamponade (K€ uchle & Naumann 1995; Mandava et al. 2006; Mardelli 2006; Malandrini et al. 2008; Ceruti et al. 2009; Ioannidis & Barton 2010; Medeiros et al. 2013; Romano et al. 2013; Xu et al. 2013; Ioannidis et al. 2014) . Most of these various procedures were described in caseseries studies on relatively few patients. Here, we report on a new surgical technique to repair a traumatic cyclodialysis on a relatively high number of patients consecutively treated in a single surgical centre.
Patients and Methods
The clinical interventional case-series study included all patients who consecutively attended the Beijing Tongren Eye Hospital in the study period from January 2013 to January 2015 and who underwent surgery for repair of a traumatic cyclodialysis. The ethics committee of the Tongren Hospital approved the study with the procedures applied being conform to the tenets of the Declaration of Helsinki. As it was a retrospective assessment of data which had been obtained during routinely taking care of patients, the necessity of obtaining an informed consent by the study participants was waived by the ethics committee. All patients were examined and treated by the same surgeon (XYP). The preoperative examinations included measurements of best-corrected visual acuity (BCVA), tonometry, slit-lamp-based biomicroscopy of the anterior segment and posterior segment, gonioscopy, ophthalmoscopy and ultrasound biomicroscopy. In eyes with opacities of the optic media such as corneal oedema, cataract or vitreous haemorrhage, a sonographic B scan was taken to rule out a detachment of the retina or choroid. Intraocular pressure (IOP) was measured by a pneumotonometer (CT-60 computerized tonometer, Topcon Ltd., Tokyo, Japan) three times, and the mean of the measurements was used for further statistical analysis. As examined upon gonioscopy, a cyclodialysis was defined as a disinsertion of the ciliary body root from the scleral spur, so that the supraciliary space was cleft-like opened and allowed the gonioscopical view onto the inner surface of the sclera. The extent of the cyclodialysis cleft was measured in degree of circumference. The gonioscopical localization and extent of the cyclodialysis were confirmed by ultrasound biomicroscopy.
All surgeries were carried out under retrobulbar anaesthesia. After preoperative marking of the location of the cleft at the limbus, the conjunctiva was opened at the limbus with this peritomy extending 30°beyond both ends of the cyclodialysis cleft. Three transconjunctival pars plana sclerotomies were performed to carry out a three-port pars plana vitrectomy and pars plana-based lensectomy. The infusion cannula was inserted into one of the sclerotomies. After removal of the lens and anterior vitreous body, one of the two long straight needles of a doublearmed 10/0 polypropylene thread was pierced into the eye through one of the pars plana sclerotomies opposite to the location of the cyclodialysis (Fig. 1) . A 30-gauge needle introduced into the eye at the location of one of the ends of the cyclodialysis cleft was used to guide the needle of the double-armed thread passing from the inside of the eye through the ciliary body and sclera to the outside of the globe (Fig. 1) . The second needle of the double-armed thread was then introduced into the eye through the same pars plana sclerotomy as was the first needle of the double-armed thread. As the first needle, also the second needle of the double-armed thread was guided to the outside of the eye by a 30-gauge needle which was pierced into the eye at a location about 30°distant to the first part of the thread. The 10/0 polypropylene thread was then tied and the ciliary body became re-attached ( Fig. 1) . The knots of the suture were placed on the surface of the sclera and were covered by conjunctiva. The length of the thread ends was longer than 3 mm so that the thread ends were located tensionless under the conjunctiva without great risk of piercing through the conjunctiva. If the cyclodialysis cleft was longer than 30°, for each additional 30°of circumference covered by the cyclodialysis cleft, one additional suture was used. After re-fixation of the ciliary body, pars plana vitrectomy was continued to remove the posterior vitreous and to address a retinal detachment if present.
Postoperative follow-up examinations were performed at the first postoperative day, at 1 week, 2 weeks and at 1, 3, 6 and 12 months after surgery. Gonioscopy and ultrasound biomicroscopy were performed at 2 weeks after surgery. Eyes with postoperative IOP spikes received antihypertensive eye drops, oral medicines or underwent a paracentesis of the anterior chamber. In cases of an IOP ≥30 mmHg last longer than 4 weeks despite all these treatment, antiglaucoma surgery was performed.
Statistical analysis was performed using SPSS 
Results
The study included 44 eyes (23 right eyes) of 44 patients (39 men) with a mean age of 43.1 AE 14.1 years (median: 47.5 years; range: 8-67 years). The causes of the blunt ocular trauma included explosion of firecrackers, car accidents, punch on the orbit and being hit by a wooden or metallic stick. The surgery was performed on average of 64 days (median: 23 days; range: 8-732 days) after the trauma had occurred. Mean preoperative IOP was 8.0 AE 3.4 mmHg (median: 7.6 mmHg; range: 3-21 mmHg). Seven eyes presented with no light perception, and the mean preoperative VA of the remaining eyes was 2.3 AE 1.1 logMAR (median: 2.0; range: 0.22-4.0). Besides cyclodialysis, all eyes had additional trauma complications including hyphema (n = 14 eyes), lens dislocation (n = 29), cataract (n = 29), vitreous haemorrhage (n = 2), retinal detachment (n = 14), iridodialysis (n = 6), suprachoroidal haemorrhage (n = 5) and endophthalmitis in one eye.
The mean width of the cyclodialysis was 4.8 AE 3.2 clock hours (median: 4.0 hr; range: 1-12 hr) (with one clock hour equivalent to 30°of circumference).
It was larger than 180°in 16 eyes (37%) eyes and included the whole circumference of 360°in 3 eyes (7%). The range of dialysis was not significantly (p = 0.56) associated with the preoperative IOP.
The mean number of sutures used to re-attach the ciliary body was 4.6 AE 1.9 (median: 4; range: 2-9), with a mean number of sutures per clock hour of 1.2. Besides cyclopexy, 39 eyes additionally underwent pars plana vitrectomy to remove vitreous haemorrhage and to re-attach the retina, and 37 eyes underwent lensectomy or phacoemulsification to remove a cataract or dislocated lens; in six eyes, the surgery was combined with an iridopexy to repair an iridodialysis.
Mean follow-up time was 32 AE 8 weeks (range: 6-51 weeks). Postoperatively, the ciliary body was re-attached in all the eyes, as confirmed by gonioscopy and by ultrasound biomicroscopy at 2 weeks after surgery. At the first postoperative day, mean IOP was 22 AE 14 mmHg (median: 18; range: 7-25 mmHg). It was higher than 21 mmHg in 15 eyes (34%) and higher than 30 mmHg in 9 eyes (20%). During the whole follow-up period, the mean peak IOP was 25 AE 15 mmHg (median: 20 mmHg; range: 7-65 mmHg), and in 19 eyes (43%), it was higher than 21 mmHg. Two of 44 eyes required antiglaucomatous surgery to control the IOP after the surgery for cyclopexy. With the anterior chamber open and without synechiae upon gonioscopy, the likely reason for the rise in IOP may have been ocular trauma-related contusional changes in the trabecular meshwork. At the final visit, the mean IOP was 14.4 AE 4.0 mmHg (range: 11-21 mmHg) and mean VA was 1.2 AE 0.8 logMAR (range 0.3-4.0 logMAR) exclusion of five eyes with no light perception. The cyclodialysis cleft was closed in all 44 eyes at the end of follow-up.
Complications occurring after surgery included a temporary elevation of IOP that took place in about half of the operated eyes and that could be controlled with the topical application of antiglaucomatous medication; a posterior shift of the ciliary body in eyes in which the cyclopexy suture was located too close to the ora serrata and in some of which the IOP remained to be low after surgery; and retinal detachment, which was due more likely to the primary ocular trauma and the subsequent vitrectomy than to the cyclopexy.
Discussion
Our hospital-based, single-centre, interventional study with consecutive inclusion of a relative large number of patients with traumatic cyclodialysis, a new technique for internal cyclopexy, without the need to create a sclera flap, resulted in the re-attachment of the ciliary body in all patients. It corrected ocular hypotony in most eyes. The postoperatively persistently elevated IOP in two patients might have been due ocular trauma-related changes in the trabecular meshwork. The visual outcome depended on the complexity of the trauma and the severity of trauma-related macular and optic nerve damage.
The results of the internal cyclopexy described in our study compare well with the results of other techniques to reattach a detached ciliary body (K€ uchle A double-armed long straight needle with a 10/0 polypropylene thread enters the eyeball through a pars plana sclerotomy opposite to the location of the cyclodialysis. Fig. 1-2 to 1-4: A 30-gauge needle is used to serve as a bridge helping the needle passing the ciliary body and sclera at the location of cyclodialysis. 1-5 to 1-7: The same procedure is performed with the other end of the double-armed thread entering the eye although the same pars plana sclerotomy. 1-8: The final suture is placed parallel to the limbus and the knots are covered by conjunctiva. The threads are cut short at the knots or the suture ends are kept longer than 3 mm so that they can be positioned on the surface of the sclera under the conjunctiva without risk of piercing through the conjunctiva. & Naumann 1995; Ioannidis & Barton 2010; Xu et al. 2013; Ioannidis et al. 2014 ). In the techniques described previously, a limbus-based partial-thickness scleral flap was created at the site of the cyclodialysis. The flap with its basis at the limbus had a width of about 4 mm. Running parallel to the limbus, the flap overlapped the end of the cyclodialysis for about 2 mm at each end of the cyclodialysis. The bed of the scleral flap was incised parallel to, and at a distance of 2 mm from, the limbus. It then allowed the view on the ciliary body band or root in the region of the cyclodialysis. Using interrupted 10/0 nylon sutures, the ciliary body band was then sutured directly to sclera, and the scleral flap was re-attached ( Fig. 2) . As compared to this type of external cyclopexy, the advantage of the technique of internal cyclopexy as described in our study was that the scleral flap did not have to be prepared and that the number of sutures was lower.
The advantage of the internal cyclopexy as compared with the external cyclopexy may hold true in particular in eyes which additionally undergo pars plana vitrectomy as the scleral flap needed for external cyclopexy may interfere with the pars plana sclerotomies for vitrectomy. Also in eyes with a circular, 360°cyclodialysis, the internal cyclopexy may be advantageous as compared with the external cyclopexy, as a circumferential scleral of 360°may lead to a debilitation of the stability of the anterior segment. As shown in the three patients with a 360°c yclodialysis in our study population, the ciliary body could be attached in a single surgery, while previous studies applying the external cyclopexy usually needed two surgical interventions in such a situation.
Other surgical technique to repair a traumatic cyclodialysis as reported in previous studies and included anterior scleral buckling, internal apposition of the ciliary body to sclera by a capsular tension ring or a large intraocular lens, gas endotamponade in conjunction with cryotherapy and pars plana vitrectomy combined with ocular endotamponade with silicon oil or with gas (Mandava et al. 2006; Mardelli 2006; Malandrini et al. 2008; Ceruti et al. 2009; Medeiros et al. 2013) . Most of these studies were case reports or small case series and most of them did not compare various techniques. In one of the largest previous investigations on cyclopexy including 52 patients, Xu and colleagues concluded that direct cyclopexy was preferable to pars plana vitrectomy combined with endolasercoagulation and endotamponade in patients with a cyclodialysis only (Xu et al. 2013 ). In the case of a cyclodialysis and a vitreous haemorrhage or other vitreous pathology, however, pars plana vitrectomy combined with endolasercoagulation and endotamponade appeared to be preferable (Xu et al. 2013) . Another disadvantage of the technique of internal cyclopexy as applied in our study is the risk of a lens lesion in eyes with a clear lens. Although within our study population the two phakic patients did not develop cataract after the internal cyclopexy, the risk of an intraoperative lens lesion in phakic eyes is unavoidably higher for the technique of internal cyclopexy than for the method of external cyclopexy.
Limitations of our study should be mentioned. First, as a retrospective single hospital centre-based study, a selection bias might have existed as it holds true for any hospital-based study. The incidence of a traumatic cyclodialysis is however far too low to allow a population-based recruitment of study participants. Second, our investigation was a case-series study with consecutive inclusion of the patients, and without a control group. It therefore did not allow direct comparisons of surgical results obtained by different surgical techniques.
In conclusion, internal direct cyclopexy is a novel and relatively little invasive surgery technique for the repair of traumatic cyclodialysis.
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